Objective: To assess dietary composition in relation to energetic status and ovarian function. Design: An eight-month prospective study undertaken in 1989. Setting: Ituri Forest, northeast Democratic Republic of Congo. Subjects: Sixty-four female volunteers of reproductive age (16±45), with a subsample of 30 for nutritional focal follows, 39 for analysis of salivary progesterone levels, and 18 for analysis of salivary oestradiol. Interventions: Regular anthropometric measurements of heights, weights, and mid-triceps skinfolds, 204 h of nutritional focal follows when all foods prepared and consumed were recorded and weighed, analysis of dietary composition using African food tables, collection of saliva samples every-other day for radioimmunoassay of salivary oestradiol and progesterone. Results: The primary staple in the Lese diet is manioc, consumed at nearly every meal, but the diet is subject to seasonal¯uctuations. Important seasonal crops are groundnuts and rice. Carbohydrates comprise 64% of the diet, protein 14% and fat 22%, but seasonal¯uctuations in food items create signi®cant differences in protein content (P 0.007). Energy intake falls by 25% in the hunger season. Lese energy balance re¯ects this lack with women losing a mean 7% of total body weight. The mean BMI for Lese women at the beginning of the study was 22.8 but, during the hunger season, the BMI for 20% of women fell to`18.5, indicative of chronic energy shortage. Mean levels of Lese salivary oestradiol and progesterone are chronically and signi®cantly lower than healthy, Western controls (P 0.0001 for progesterone; P 0.03 for follicular values of oestradiol, P 0.0001 for midcycle values, and P 0.0002 for luteal values). Mean salivary progesterone levels were signi®cantly lower for those Lese women losing weight (P 0.03), and signi®cantly lower for weight-loss women when comparing levels at the beginning and end of the hunger season (P 0.03). Discussion: The relatively low-fat, high-®bre diet of the Lese appears healthy, but there are occasional seasonal de®ciencies in protein-energy and micronutrient content, especially for pregnant and lactating women. Dietary composition may affect Lese levels of reproductive steroids, partly explaining the chronically low salivary oestradiol pro®le of this population.
Introduction
Like many rural agricultural populations in sub-Saharan Africa and elsewhere (Ferro-Luzzi, 1990; Nurse, 1975; Pagezy, 1984; Sahn, 1989) , Lese horticulturalists of the Ituri Forest, Democratic Republic of Congo (formerly Zaire), experience an annual hunger season with resulting weight loss (Bailey et al, 1992; Jenike, 1994 Jenike, , 1995 . When weight loss is experienced, approximately one quarter of the population are at risk of chronic energy de®ciency with the Body Mass Index (BMI, calculated as weight (kg)/ height (m) 2 ) falling below 18.5 (Jenike, 1995) . During periods of nutritional reduction, Lese women experience a decline in ovarian function with signi®cantly lower levels of salivary progesterone and oestradiol (E2), altered menstrual cycles, and lower fecundability (Bentley et al, 1990 Ellison et al, 1986 Ellison et al, , 1989 . As a result, there is a marked seasonality of conceptions and resultant births in this population (Bailey et al, 1992) .
The effects of poor nutrition and energy imbalance on the fecundity of different populations in developing countries is rapidly becoming better documented (Ellison, 1990; Ellison et al, 1993a) . Many such groups, regardless of subsistence strategies, appear to experience seasonality of conceptions and births that has been linked to seasonal changes in energy balance (Huss-Ashmore, 1988; Mosher, 1979; Panter-Brick, 1996; Panter-Brick et al, 1993) . There has been little discussion, however, of how dietary composition among such populations may affect gonadal function. We thus report here on seasonal changes in dietary composition among the Lese from data collected in 1989 that help, not only to illuminate the quality of the Lese diet, but also its potential relationship to reproductive function.
Methods

Subject recruitment
A total of 64 Lese women of reproductive age (approximately 16±49) volunteered to participate in a study investigating the relationship between seasonal nutritional stress and ovarian function. Forty-eight of these women lived within walking distance of our ®eld site in the Ituri (Study Area A), while the remaining sixteen lived in a populated area approximately twelve kilometers south (Study Area B). As a consequence of the distances involved, the women in Study Area A were studied more closely than those in Study Area B. A sub-sample of 30 women from Study Area A took part in nutritional focal follows (Table 1) . Women were divided into four age categories for analysis of agerelated differences in dietary intake: (1) women aged 16± 22; (2) women aged 23±34; (3) women aged 35±44; and (4) women aged over 45. Calculated ages for Lese women (who generally do not know their birth dates) were generally available from demographic records kept by the Ituri Project since 1980, or by using methods described by Bailey (1991) . The study was approved by the Harvard University Committee on the Use of Human Subjects in Research and, given that most subjects were illiterate, oral consent was obtained for their participation.
Nutritional analyses
The eight-month ®eld period was divided into three seasons: (1) the pre-hunger season, spanning January through March; (2) the hunger season, from April through June; and (3) the harvest season, spanning July and August. The 30 Lese women who participated in the nutritional focal follows were observed for a total of 204 h. Since the primary objective of the dietary assessments was to make seasonal comparisons, focal follows consisted of 4 h periods (except for two observation periods of 2 h each), scheduled either in the morning or afternoon between 07:00 and 17:00 h. Any food that was prepared and ingested during these observation periods was recorded and weighed to the nearest 0.1 g using a portable Ohaus electronic scale. There were fewer observations in the prehunger season due to the initial period required to recruit subjects ( Table 1 ). The focal follows took place within the context of the normal daily round of Lese female activities, including garden work, and were designed to be as unobtrusive as possible. Follows were distributed randomly throughout each season. Lese women are relatively mobile, frequently travelling to visit relatives or to change their place of residence. As a result, not all women could be observed through all three seasons, although where possible, we attempted to repeat samples from women who remained in the study area: thus 3% of subjects were observed on four separate occasions, 17% on three occasions, 30% were observed twice and 50% were observed once. Women in the youngest age category are under-represented during the pre-hunger and hunger season, primarily because it was more dif®cult to arrange focal follows with them. Young, unmarried women are the least sedentary, not being tied to household and garden responsibilities to the same degree as older subjects. In addition, it is possible subjects were tempted to eat more than usual during the focal follows knowing that they were the subjects of nutritional observations, so that dietary estimates for each observation period may be too high. However, this is unlikely to re¯ect relative seasonal values which are of primary importance here.
The energy and nutritional content of all foods eaten by the Lese subjects were subsequently analyzed using African Food tables (Leung, 1968; supplemented by Platt, 1962 for foods not listed in Leung). Total energy and the proportion of macronutrients were extracted for each food item listed in these tables and calculated against Lese dietary intake. Energy and macronutrient intake was analyzed by season and by age-groups of Lese women. It was not always possible to weigh individual items that Lese women combined into one dish since observations occasionally commenced when food was already cooking on the ®re. Most of these dishes were, however, combinations of leafy greens typically cooked with palm oil, or peanut butter for which Leung provides average nutritional components. Since the primary goal of this study was to assess seasonal variation in nutritional intake, such inaccuracies are again unlikely to affect the relative differences that we observed.
Anthropometrics
Data for weights, heights and mid-triceps skinfold thickness were obtained from a total of 64 Lese women using methods described previously (Bailey et al, 1992) . The BMI was calculated from these data [BMI wt (kg)/ ht 2 (m)]. Measurements were taken a maximum of four times during the three seasons: once in the pre-hunger season (January±February), twice in the hunger season (once from April±May, and again in June when weights reached their nadir) and once during the harvest season (July±August). Due to the high mobility of Lese women, only 23% of subjects could be consistently measured during all four periods (Table 1) .
Ovarian function
Levels of salivary progesterone were analyzed from a total of 39 Lese women, while levels of salivary E2 were analyzed from a subsample of 18 women. Saliva samples were collected every other day from Lese women during the hunger and harvest seasons, from April through August, except when women went away on trips, or could not otherwise be located. Methods for the radioimmunoassay of these salivary steroids have been described previously (Ellison, 1988; Ellison et al, 1986 Ellison et al, , 1989 O'Rourke & Ellison, 1993) . There were two exceptions to these methods. The ®rst was that three drops of citric acid lemonade were used as a salivary stimulant in the ®eld instead of sugarless gum. Tests performed in the laboratory prior to the ®eld season determined that this stimulant had no effect on assay results (unpublished data). The second exception is that saliva samples for analysis of E2 were pooled to provide three values across the menstrual cycle: a follicular, mid-cycle and luteal value. This strategy was necessitated by the quantity of saliva collected in the ®eld that was insuf®cient for analysis of both E2 and progesterone. Each pool was derived from three-to-®ve individual samples depending on quantities of saliva available. Sampling days for the pools were calculated according to menstrual cycle length.
Mean levels of salivary E2 were compared to a control group of 50 women aged 18±44, comprising most subjects participating in a different study of the effect of age on salivary E2 levels (O'Rourke and . Samples from these control women were pooled using the same methods described above for comparison with the Lese. Mean levels of salivary progesterone for Lese women were compared to 47 Boston controls aged 18±44 who were participating in another study (Lipson & Ellison, 1992) . Samples from both sets of controls were collected daily. Ovulatory rates for both the Lese and Boston controls were determined by comparing luteal progesterone levels within individual cycles to the population average for follicular levels. A cycle was considered ovulatory if any luteal value reached 1.96 standard deviations above this population mean (Ellison, 1988) . Since not all Lese women continued to lose weight between the two measuring periods in the hunger season, we compared progesterone levels according to weight changes, that is those women with stable weights or even weight gain, compared to those who lost b 1 kg during the hunger season measurements. Menstrual diaries were also kept for all Lese women throughout the study to record patterns of cycle length and numbers of days of menstrual bleeding.
Statistical analyses
Statistical analyses were undertaken using SPSS Version 6.1 for the Macintosh. Values of P`0.05 were taken as the lowest level of signi®cance. Means are shown where applicable with standard errors. Differences amongst all Lese women in energy intake and dietary macronutrients between seasons were calculated using two-tailed, unpaired t-tests. Differences speci®cally by age-groups in energy intake and dietary macronutrients between seasons were calculated using Scheffe Â's multiple comparison of means. Differences in mean salivary E2 and progesterone levels between Lese women and Boston controls, seasonal differences in Lese E2 levels, as well as differences between Lese women who lost weight compared to those who did not were calculated using unpaired, two-tailed t-tests. Differences in mean salivary progesterone levels between months within the weight loss group of Lese women were compared using paired, two-tailed t-tests. Table 2 lists all the foods by season that were consumed by the 30 Lese women who participated in the nutritional focal follows during the eight month observation period. The Lese diet is composed of relatively few cultivated staple foods, some of which vary in seasonal availability. The most common staple is sweet manioc (Manihot esculenta), of which both the leaves and roots are eaten year-round. The leaves are pounded to a mush using a wooden pestle and mortar, and then boiled in water over an open hearth, sometimes for several hours prior to ingestion. The Lese prefer to eat this dish, called sombe, with palm oil extracted from palm nuts and fruit (Elaeis guineensis). This is added towards the end of the cooking period. Manioc roots are generally eaten either boiled or roasted without prior soaking. Two other staples, plantains (Musa paradisiaca) and sweet potatoes (Ipomoea batatas), are also available year-round but are eaten less frequently, usually roasted. Maize (Zea mays) is harvested during a short season in June and is generally not stored except as seed crop.
Results
The Lese diet
By far the largest and most important seasonal foods which can usually be stored for several months, are rice (Oryza sativa), harvested from November through February, and groundnuts (Arachis hypogaea), which are harvested towards the end of June through August. These two foods provide the highest seasonal nutritional content to the Lese diet. During 1989 there was almost no rice available to the Lese since the 1988 crop had been destroyed by a plague of locusts that spread through much of east Africa (Anonymous, 1988) . In years with good crop yields, subsistence surpluses from rice and groundnuts can last through March or April of the following year. The loss of the 1988 rice harvest meant that almost none of this crop was available to supplement the normal diet from January through March, leading to a particularly severe hunger season in 1989. There was also no surplus of groundnuts from January to March, 1989 , probably because the crop had been eaten earlier when the 1988 rice crop failed.
The Lese occasionally eat tomatoes, cabbage, squash, and other leafy greens which they grow in small quantities, and during 1989 were beginning to plant leguminous beansÐa highly favoured food that they once routinely cultivated (Lacomblez, 1924) . Beans are also available for purchase in the weekly market some 12 k to the north. The Lese chew on palm nuts to extract small quantities of palm oil, and consume palm wine when this is available. A few wild plant foods, such as mushrooms, wild yams, and various edible leaves, are occasionally gathered from the forest to supplement the diet.
The Lese eat relatively small quantities of ®sh, freshwater crabs and meat from various wild forest animals and a few domesticates. Fish and freshwater crabs are obtained exclusively by women from nearby rivers and streams. Forest meat is obtained either through trade with Efe pygmy hunters with whom the Lese maintain exchange relationships, or from traps set in the forest by Lese men (Bailey & DeVore, 1989; Grinker, 1994) . A few local Lese families keep goats in their villages, and most families have chickens, the eggs and¯esh of which are, however, rarely eaten. Meat and ®sh consumption is limited by a complicated system of food avoidances against forest fauna which vary individually and are transmitted across family lines (Aunger, 1992 (Aunger, , 1994 . Although meat and ®sh comprise approximately 12% of total energy in the Lese diet, the total amount may be considerably less for individual women depending on their food avoidances (Aunger, 1992 (Aunger, , 1994 . Figure 1 shows the seasonal consumption of staple foods by Lese women. During the pre-hunger season, the ingestion of these staples represented 85% of total energy consumed by Lese women; this was reduced only slightly to 79% during the hunger season. The consumption of meat and ®sh accounts for a small proportion of total energy ingested ( 5%), and less than the mean 12% calculated by Figure 1 Seasonal ingestion of staple foods consumed by Lese women during focal follows (The consumption of palm oil is higher than shown since palm leaves are usually cooked in oil. This is not calculated separately).
Dietary composition and ovarian function GR Bentley et al Aunger, 1992 Aunger, , 1994 . Fish are most frequently available during the pre-hunger dry season from January through March, when water levels are low and dams can be easily constructed, while meat consumption usually peaks from August to October. The Lese say that duikers (forest antelopes)Ðthe most common source of meatÐare more easily trapped at this time since they tend to follow established trails in the forest. In fact, Lese women were observed to eat ®sh only four times during the course of the focal follows, thrice during the pre-hunger season and once during the hunger season. Meat was consumed only nine times, four times during the hunger season and ®ve times during the harvest season. Meat consumption could be expected to rise during September and October. Table 3 records the seasonal consumption by Lese women of palliative foods, that is food items that may help to assuage feelings of hunger. These include palm nuts that can be chewed for long periods of time with a high nutritional content per nut, palm wine with obvious sideeffects, and chili peppers which may be used to add more taste to those limited foods that are available during the hunger season. The use of palliatives dramatically decreases in the harvest season when the availability of nutritious foods increases.
Energy intake
Since our nutritional focal follows were scheduled for 4 h periods, it is not possible to compute the daily total energy intake of Lese women, although Aunger (1992) has estimated a mean daily intake for the Lese of 8.4 MJ/d (2002 kcals). Lese women consumed an average of 2.2 MJ (521 kcals) during the 4 h focal followsÐ2.2 MJ (520 kcals) during the pre-hunger season, 1.6 MJ (391 kcals) during the hunger season, and 2.7 MJ (650 kcals) during the harvest season (Table 3) . Energy intake therefore declined by some 25% during the hunger season and similarly increased by 25% in the harvest season. The difference between the hunger and harvest seasons borders on signi®cance (P 0.06, n 21), but there is no signi®cant difference between the pre-hunger and hunger seasons, or the pre-hunger and harvest seasons (P b 0.05). There were no signi®cant differences in energy intake by age among Lese women.
Dietary composition
The bulk of energy intake for Lese women is derived from carbohydrates, which comprise, on average, 64% of the diet. Protein constitutes approximately 14% of dietary energy, while fat intake is 22%. Macronutrient proportions, however, change seasonally as different foods become available (Table 3) . For example, during the prehunger season, protein provides 9% of energy intake, fat 22%, and carbohydrates 69%. Similarly, during the hunger season, protein provides 10% of dietary energy, fat 18% and carbohydrates 72%, while in the harvest season, protein intake rises to 19%, fat content to 25% and carbohydrate intake is reduced to 56%. There are no signi®cant differences in carbohydrate or fat intake across the three seasons, but there are signi®cant seasonal differences in protein intake between the pre-and harvest seasons (P 0.01) and the hunger and harvest seasons (P 0.007). Average intake of ®bre during each focal follows was approximately 5 g, but fell to 3 and 2 g respectively during the pre-hunger and hunger seasons. Fibre intake increased to 9 g/focal follow during the harvest season. There were no signi®cant differences in the intake of any macronutrient by age among Lese women.
Seasonal weight loss
The Lese, in general, have a normal BMI (b 18.5) but suffer from seasonal acute energy de®ciencies during the annual hunger season. From data collected over a period of ®ve years, mean BMI for both Lese men and women are comparable, at between 20.0 and 21.0 (Bailey et al, 1992) . Jenike (1995) has shown, however, that approximately 20± 25% of Lese fall below the threshold of risk for chronic energy de®ciency with a BMI`18.5 (see Shetty & James, 1994) . Such weight losses result not just from insuf®cient food intake but also from an increase in energy expenditure in subsistence activities (Bentley et al, 1998a; Jenike, 1996; .
Anthropometric data collected for Lese women during 1989 match these ®gures for BMIs fairly closely. The mean BMI in the pre-hunger season for the 15 women who could be measured a maximum of four times was 22.8. This declined to 22.4 during April and May, and reached its lowest at 20.2 in June, the worst point of the hunger season. (Only one of these ®fteen women maintained their prehunger season weight during the hunger season). The mean BMI increased slightly to 20.4 during July and August when food supplies improved. The mean maximum weight loss for these 15 Lese women was 3.4 kg, representing 7% of total body weight measured during the pre-hunger season. Although, not one of the 15 women had a BMI below 18.5 in either the pre-hunger or harvest seasons, 20% fell below this mean during the hunger season (to a mean BMI of 18.2). Mid triceps skinfold thickness was 13.3 mm in the prehunger season, declined to 12.0 mm in the hunger season, and continued to decline in 11.1 mm in the harvest season. Jenike, 1994 Jenike, , 1995 found a similar pattern of continued decline in skinfold thicknesses while the BMI recovered following the hunger season of 1991. This may be explained by a slower recovery of body fat stores in relation to muscle mass following the harvest (Jenike, 1995) .
These anthropometric ®gures compare well with larger samples of women who were present in the research area for shorter periods of time. For example, 29 women were measured both in June and July±August. The mean BMI for June for these women was 20.4, rising to 20.7 in the harvest season. Mid-triceps skinfold averaged 12.6 mm in the hunger season, measured in April±May, slightly before the weight nadir, and declined to 11.7 mm in July± August. Similarly, 18 women were present for measuring periods from January±June only. Weight loss averaged 3.0 kg from January±June, representing 7% of total body weight in the pre-hunger season. Mid-triceps skinfold thickness declined from 12.8 mm to 11.7 mm. Given these closely matching ®gures, the subsample of 15 women appears representative for the pattern of weight loss and regain during the three seasons of study. Figure 2 compares mean salivary progesterone levels between Lese women and Boston controls. These levels are signi®cantly different during both the follicular (P 0.03), and mid-luteal phases (194 AE 12 pmol/L for the Lese and 351 AE 22 pmol/L for Boston controls, P 0.0001) con®rming results collected from earlier ®eld seasons (Ellison et al, 1986 (Ellison et al, , 1989 . Levels of salivary progesterone thus appear chronically suppressed compared to Western women (see Ellison et al, 1993b) . Ninety-four per cent of the control cycles were calculated to be ovulatory compared to only 64% for Lese cycles. The 95% threshold value for luteal suf®ciency indicating ovulation among these Lese women was 190 pmol/L.
Ovarian function
From a total of 89 Lese cycles analyzed for levels of salivary progesterone, 29 occurred during periods of weight-loss, 35 occurred when weights either remained stable or increased towards the end of the hunger seasons, and 25 were excluded from analysis due to¯uctuations in subject weight that obscured any real trends. There were signi®cant differences (P 0.03) between mean levels of mid-luteal progesterone for the weight-loss group (166 AE 21 pmol/L) and the stable-weight/weight-gain group (233 AE 20 SE pmol/L, Figure 3) . Figure 4 compares mean salivary E2 levels between Lese women and Boston controls. Mean follicular levels for Lese women were 12 AE 0.8 pmol/L, 13 AE 0.9 pmol/L for mid-cycle values and 14 AE 0.9 pmol/L for luteal levels. Mean follicular levels for the controls were 14 AE 0.7 pmol/L, 19 AE 0.8 pmol/L for mid-cycle values, and 19 AE 0.7 pmol/L for luteal values. Levels of salivary E2 are signi®cantly lower among the Lese compared to the controls for all three phases of the menstrual cycle: follicular (P 0.03), mid-cycle (P 0.0001) and luteal values P 0.0002).
Most Lese women (n 15) who were sampled for levels of salivary E2 continued to lose weight throughout the hunger season, thus precluding comparisons between a weight-loss and non weight-loss group. When levels of salivary E2 are compared across seasons when weight loss was occurring, they continue to decline even during July and August ( Figure 5 ). Mid-cycle salivary E2 levels are, in fact, signi®cantly lower (P 0.04) in the harvest season compared to the hunger season, and follicular and luteal levels are lower, but not signi®cantly lower.
Discussion
The Lese diet is relatively monotonous, consisting of a few staples, particularly manioc roots and leaves, palm oil, sweet potatoes and plantains, relieved by seasonal items available primarily during the harvest season. The consumption of staples is slightly lower in the hunger than the pre-hunger season (at least in 1989), with the difference in energy substituted by palliatives as well as ®sh and meat. In 1989, the Lese probably increased their consumption of staple foods during the pre-hunger season due to the nonavailability of rice. The harvest season consumption of staples is undoubtedly lower due to the availability of highly nutritious, seasonal crops like groundnuts and maize.
The mean proportion of carbohydrates in the Lese diet is higher than in the West, where carbohydrate intake tends to be closer to 50% (46% in USA and 47% in UK) of total dietary energy (Food and Nutrition Board, 1989; Garrow & James, 1993) . The Lese are in the mid-range of World Health Organization (WHO) recommendations for starch intake (between 55±75% of the diet) even with seasonal changes (Garrow & James, 1993) . Mean protein consumption (at 14%) is at the low end of the range consumed in the USA, where intake comprises between 14 and 18% of total dietary energy (Food and Nutrition Board, 1989) ; consumption during the pre-hunger and hunger seasons is considerably lower for Lese women. The recommended daily intake of protein for USA women aged 19±50 is 46 g/d, or 21 g/1000 kcal (Garrow & James, 1993 , Tables A2.1b and  A2 .2). Mean protein consumption for Lese women is 34 g/ 1000 kcal; 20 g/1000 kcal during the pre-hunger season, 23 g/1000 kcal during the hunger season, and 46 g/ 1000 kcal during the harvest season. These ®gures indicate marginal seasonal protein de®ciency for most Lese women; while the recommended protein intake for pregnant and lactating women (24 g/1000 kcal) would not be met. The ®gure for mean protein consumption, however, compares very favourably with similar data from other sub-Saharan populations (Koppert et al, 1993) , but the reduced consumption during the pre-hunger and hunger seasons are at the lower end of these comparisons.
Mean fat intake for Lese women at 22% is above the WHO recommended proportion of 15%, and varies little with the seasons (Garrow & James, 1993: 786 , Table A2 .3), but is in marked contrast to the average proportion of dietary fat in UK (42%) and USA diets (36%). If we assume the intake of ®bre in the Lese diet during focal follows represents about one-quarter of total daily intake, average intake is considerably above the mean of 12 g for Western diets (Food and Nutrition Board, 1989) .
In terms of dietary composition, on average the Lese diet would appear to be a relatively healthy one with generally adequate protein intake, and a low fat intake. Seasonal changes, however, indicate both protein and energy shortages, especially for pregnant and lactating women, with probable micronutrient de®ciencies as well (Dietz et al, 1989) . In addition, the data are not suf®cient to estimate the quality of protein in terms of essential amino acids available to the Lese during the different seasons. Fat intake is much lower than in the West, and ®bre intake higher. The anthropometric data for Lese women con®rms the deleterious seasonal effect of the hunger season on energy balance, when approximately one-quarter of the population are at risk of chronic energy de®ciency (Bailey et al, 1992; Jenike, 1995) . The seasonal lack of energy may also affect protein turnover and synthesis (FAO/WHO/UNU, 1985) .
In the face of these nutritional de®ciencies, Lese women use a variety of strategies to help alleviate nutritional stress during the hunger season (Bentley et al, 1998a) . For example, they consume more snacks during this time, although the intervals between eating episodes increases. Snacks refer to the consumption of, for example, a handful of peanuts, chewing on a palm nut, or tasting something cooking on the ®re. In contrast, meals are classi®ed as more formal occasions when Lese women ate food that they served on dishes, usually after dividing portions with other family members. The proportion of eating episodes classi®ed as snacks increased to 44% during the hunger season, compared to 30% during the pre-hunger season, and 26% during the harvest season. Ironically, although snacking may help to increase feelings of satiety during the hunger season when food is scarce, this eating strategy may be metabolically disadvantageous to Lese women. Weight gain, or retention, appears to be more effective when subjects eat larger meals at longer intervals rather than eating smaller meals more frequently (Antoine et al, 1984; Dallosso et al, 1982; Wilhelmine et al, 1991) . During the hunger season, Lese women also ate more`palliative' foods, such as palm nuts, palm wine and sugar cane, that may temporarily help to assuage hunger pangsÐ59% of observations of palliative food ingestion occurred during the hunger season, compared to 34% in the pre-hunger season and only 8% during the harvest season. Some of these palliatives (palm nuts, palm wine, and sugar cane) are also high in energy; the average energy intake from a palliative`snack' was 0.9 MJ (213 kcals) evidently compensating in great measure for the lack of staple foods during the hunger season. 
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Despite the energy costs of the hunger season, however, Lese women even if pregnant or lactating, do not appear to curtail energy expenditure by reducing farm or household activities, although non-essential activities such as travel are limited at this time (Jenike, 1996; . The necessity of providing food for themselves and their families may constrain the ability of Lese women to cut down essential activities during periods of nutritional stress.
During the hunger season when Lese women lose weight, levels of salivary E2, progesterone and inferred ovulatory rates are reduced. This is correlated with a marked drop in conceptions which results in signi®cant birth seasonality in this population (Bailey et al, 1992) . These apparently adverse effects for Lese fertility have been linked with seasonal changes in energy balance (Ellison, 1990; Ellison et al, 1986 Ellison et al, , 1989 Ellison et al, 1993a) . The continued drop in salivary E2 levels during the harvest season may be explained by the fact that one-third of the Lese women whose levels of salivary E2 were analyzed continued to lose weight during July and August. There may also be a lag effect on the recovery of salivary E2 levels similar to that observed for salivary progesterone when women are losing and then regaining weight (Lager & Ellison, 1990) .
But, Lese women also have chronically lower levels of salivary reproductive steroids compared to Western controls. Other subsistence-level, rural populations in less developed countries appear to have similarly low, comparative levels of progesterone (Ellison et al, 1993b) . The reasons for this variation have been debated in a number of publications, but more recent hypotheses have focused on development aspects, suggesting that adult levels of reproductive steroids and resulting ovarian function may be largely determined by ecological conditions to which individuals are exposed during childhood and adolescence (Ellison, 1990 (Ellison, , 1996 Vitzthum, 1990 Vitzthum, , 1996 Worthman, 1994 Worthman, , 1995 , and perhaps even in utero (Barker, 1994) .
One factor that has not previously been highlighted in these discussions is the possibility that dietary composition, per se, may at least be partly responsible for lower levels of salivary E2 (Bentley, 1996) . In populations where intake of fats, especially from animal sources, is low and ®bre intake high, oestrogen levels, but not progesterone (Bagga et al, 1995; Rose et al, 1987 Rose et al, , 1991 tend to be much lower than among groups where fat intake is high and ®bre intake low (Bagga et al, 1995; Goldin et al, 1982 Goldin et al, , 1986 Goldin et al, , 1994 Rose et al, 1987 Rose et al, , 1991 . Low fat, high ®bre diets appear to lower circulating levels of oestrone (E1) and E2, and increase the excretion of oestriol (Bagga et al, 1995; Goldin et al, 1986; Shultz & Leklem, 1983) . For example, Longcope et al (1987) found that when Western women who normally consumed a diet comprising 35±40% energy from fat were switched to a low fat diet (25% of total energy) there was a signi®cant decrease in urinary excretion of oestriol and 16a-hydroxyoestrone, and an increase in the excretion rate of catechol oestrogens. But, there was no effect on blood clearance rates of E2, or on gastrointestinal absorption rates. Rose et al (1987) found similarly that when Western women consumed a low fat diet (21% of total energy) for three months, levels of serum E1 and E2 were signi®cantly reduced. Despite these ®ndings, however, the mechanisms through which low-fat diets alter the metabolism of oestrogens remains unclear.
There is greater understanding of how high ®bre diets modulate the metabolism of oestrogens. Reduced levels of circulating oestrogens result from increased clearance of steroids in the gut due to absorption by gut ®bre, reduced enterohepatic recirculation of steroids, and differential excretion rates among other factors (Adlercreutz & Martin, 1980; Adlercreutz et al, 1976 Adlercreutz et al, , 1979 Newburger & Goldzieher, 1985; Rose et al, 1991) . A high ®bre intake is also thought to increase levels of phyto-oestrogens, antioxidants and protease inhibitors, as well as enhancing fat and/or bile acid excretion rates (Bagga et al, 1991) . The kind of ®bre consumed also appears to be a factor in reducing circulating oestrogens. Rose et al 1991 found that dietary supplementation with wheat bran lowered circulating levels of serum E1 and E2, but that oat and corn bran were ineffective.
Paradoxically, the mechanisms through which circulating levels of oestrogens are lowered by an increased ®bre intake can lead to increased ovarian E2 production due to reduced negative feedback at the level of the hypothalamus and pituitary. Follicular development is stimulated by intrafollicular E2 levels which re¯ect production, rather than by circulating levels which re¯ect the net balance of production and clearance. By reducing negative feedback, increased steroid clearance rates can actually stimulate follicular steroid production leading to enhanced, rather than suppressed, follicular growth, even though the net balance of production and clearance may be lower. In an unpublished study in Ellison's laboratory, women on high ®bre diets were observed to have shorter follicular phase lengths and luteal progesterone pro®les that rose more rapidly after ovulation than controls matched for age, caloric and fat intake, and exercise.
Since Lese women eat very little meat, ingest a dietary proportion of fat that is relatively low compared to the West (the highest seasonal intake is only 25%, matching the lowered fat intake by Western women in the study by Longcope et al, 1987) , and eat large quantities of dietary ®bre, their dietary composition may well be contributing to their lower levels of E2. Unfortunately, the small sample size for women who participated in both the dietary and endocrinological aspects of this study precludes adequate testing of this hypothesis.
If dietary composition among the Lese is a contributing factor to their chronically lower levels of reproductive steroids compared to Western controls, the physiological pathway that results in this inter-population variation should be recognized as an artifact of dietary differences rather than as a selective mechanism having adaptive signi®cance. This is in marked contrast to the seasonal reduction in ovarian function among the Lese and other populations that appears to be an adaptive response to changes in energy balance, thus preserving a woman from reproductive investment while ecological conditions are unfavourable (Ellison et al, 1989; Ellison et al, 1993a) .
Although seasonal differences in energetic status and ovarian function appear to affect the probability of conception among the Lese, it is not yet established whether chronic inter-population differences in steroid levels have implications for ultimate fertility levels (Bentley et al, 1998b) . Inter-population differences in fecundity would be dif®cult to assess among the Lese since they suffer from high rates of infertility, primarily caused by exposure to sexually-transmitted diseases (Bailey & Aunger, 1995) , and presumably other tropical diseases like ®lariasis and malaria (Dietz et al, 1989) . These pathologies result in a total fertility rate of 2.4, and an infertility rate of 37% (Bailey & Aunger, 1995) . In studies of healthy Asian populations from developed countries, however, characterized by low-fat, high-®bre diets and lower levels of E2, fecundity and fertility are not suggested to be lower than Western populations with higher levels of reproductive steroids. Clearly further work is required on this issue among more traditional, subsistence-level populations.
